The toxic effect of binary and tertiary combinations of Euphorbia hirta Linn latex powder with other plant molluscicidal compounds, were evaluated against the freshwater snails Lymnaea (Radix) acuminata and Indoplanorbis exustus in pond. These combinations showed significant time and dose dependent effect against both the snails. These compounds at higher doses were also lethal to freshwater fish Channa punctatus (Bloch) (Channidae {Ophicephalidae}), which shares the habitat with these snails, but the LC 90 (24h) doses of snails have no apparent killing properties in fish populations when treated in mixed population of snails and fish.
INTRODUCTION
The freshwater snails Lymnaea (Radix) acuminata (Lamarck 1822) and Indoplanorbis exustus (Deshayes 1834) are intermediate hosts of the liver flukes Fasciola hepatica (Linnaeus 1758) and Fasciola gigantica (Cobbold 1855) in northern part of India and cause endemic fascioliasis in cattle and livestock. Ninety four percent (94%) of the buffaloes slaughtered in Eastern India were infected by F. hepatica 19 .
A sure way tackle the problem of fascioliasis is to destroy the carrier snails and remove an essential link in the life-cycle of the flukes by using molluscicide 10, 17, 21, 25 . This can be achieved with the aid of synthetic products or, alternately, with molluscicides from plant sources. Molluscicides of plant origin have gained more acceptances, because they are ecologically sound and culturally more acceptable than synthetic ones 3, 9, 17, 24, 26, 27, 28 .
Euphorbia hirta Linn. (family-Euphorbiaceae) is a common medicinal plant of India, which is used in a variety of diseases i.e., cough, asthma, colic dysentery, genitourinary diseases 2,4,7, 8, 12, .
In the present study to evaluate the molluscicidal activity of Euphorbia hirta latex powder is singly or binary (1:1) or tertiary combinations (1:1:1) with other molluscicidal compounds i.e. rutin, ellagic acids, taraxerol and betulin against freshwater snails Lymnaea acuminata and Indoplanorbis exustus in pond.
MATERIALS AND METHODS

A. Preparation of extract:
The latex of Euphorbia hirta was drained into glass tubes by cutting their stem apices. This latex was lyophilized at -40 0 C and the lyophilized powder was stored for further use. The dried powder was mixed with an appropriate volume of a distilled water to obtain the desired concentration. The latex powder so obtained was used for the toxicity testing of doses used in the earthen cemented pond.
The latex powder of E. hirta so obtained was used to evaluate for the toxicity in combination with different active compounds rutin, ellagic acids, taraxerol and betulin using doses against both the snails given in Table 1 . Combinations of latex powder of E. hirta with rutin, ellagic acid, taraxerol and betulin prepared in organic solvent methanol of each plant products used in the singly, binary and tertiary mixtures dissolved in organic solvent methanol and used as a source for preparing the final concentration in the earthen cemented ponds. 
B. Experimental design:
The live test animal of Lymnaea (Radix) acuminata (Lamarck 1822) (2.6±0.3 cm in shell height) and Indoplanorbis exustus (Deshayes 1834) (0.87 ± 0.035 cm in shell height) were collected from the Ramgarh Lake of Gorakhpur district. The collected animals were maintained in glass aquaria containing 100 L dechlorinated tap water and acclimatized to laboratory conditions for 72h.
The toxicity experiment was designed singly, binary or in tertiary combinations by the methods of SINGH et al. 18 . The experiments were performed in two freshwater ponds of 29.28 m 2 in area and 9.19 m 3 in water volume. Each pond was stocked with 100 snails and these experimental ponds were exposed continuously for 96h to four concentrations either singly, binary or in tertiary combinations of compounds ( Toxic effect of latex powder of E. hirta with other compounds was also studied in mixed populations of fish and snails. In these experiments a group of 50 snails Lymnaea acuminata and 50 fish Channa punctatus (Bloch) (Channidae [Ophicephalidae]) put together in 100L de-chlorinated tap water. These mixed populations were exposed to previously determined LC 90 (24h) of snails for 24h.
C. Determination of LC 50 : Mortality of snails was recorded at 24h intervals up to 96h. Lethal concentrations (LC 50 ) and their, upper and lower confidence limits (UCL, LCL) and slope values calculated by the probit log method using POLO computer programme 15 .
D. Statistical analysis:
Student's t-test was applied to determine the significant (p < 0.05) differences between treated and control animals. Analysis of variance was applied to determine the significant differences observed in the fecundity caused by the different combinations. Product moment correlation coefficient was applied in between exposure time 22 .
E. Ethical guidelines on treatment of animals:
The experimental animal snails Lymnaea acuminata and Indoplanorbis exustus is an intermediate host of Fasciola hepatica which causes endemic fascioliasis, a common liver disease rot in the cattle of eastern Uttar Pradesh. The snails do not have any beneficial economic importance in the ecosystem. In fact the population management of snails will check this disease in the livestock. The department has enough facilities for the rearing and culture of these experimental animals. Work on snails was not the violation of animal ethics as they are not endangered species.
RESULTS
The toxicity of latex powder of Euphorbia hirta was also time and dose-dependent for the freshwater snails Lymnaea acuminata and Indoplanorbis exustus in earthen cemented pond. There was a significant negative correlation among LC 50 values and all the exposure periods for 24h or 96h (Table 2- (Fig 1) .
In tertiary (1:1:1) combinations of the latex powder+rutin+betulin against freshwater snail Lymnaea acuminata the LC 50 value is 0.92 mg/L (24h); > 0.67 mg/L (48h); > 0.57 mg/L (72h) and 0.47 mg/L (96h) respectively (Table 3) , and the freshwater snail I. exustus the LC 50 value decreases in the tertiary combination of latex powder+rutin+betulin is 7.80 mg/L (24h); > 6.30 mg/L (48h); > 5.53 mg/L (72h) and 4.22 mg/L (96h) respectively. Combination of latex powder+ellagic acid+betulin is significantly decreased, 7.90 mg/L (24h); > 6.47 mg/L (48h); > 5.66 mg/L (72h) and 5.11 mg/L (96h) respectively against snail I. exustus and in combination of latex powder+taraxerol+betulin is 9.28 mg/L (24h); > 7.99 mg/L (48h); > 7.13 mg/L (72h) and 6.56 mg/L (96h) respectively against the freshwater snail I. exustus (Fig 2) .
In mixed of binary combinations (1:1), latex powder of E. hirta with rutin, ellagic acid and taraxerol was more toxic for freshwater snail L. acuminata and I. exustus as compared to single treatment for the snails respectively. Toxicity of latex powder+rutin against snail L. acuminata is LC 50 = 1.02 mg/L (24h) and I. exustus is LC 50 = 4.45 mg/L (24h) was highest and latex powder+ellagic acid against snail L. acuminata (LC 50 = 3.14 mg/L) and I. exustus is (LC 50 = 6.40 mg/L). Same trend was also observed in binary combinations with latex powder+taraxerol against freshwater snails L. acuminata and I. exustus. The order of toxicity of binary combinations against both the freshwater snails was decreased Table 1 Concentrations used for toxicity test
Treatments
Concentration used (mg/L)
Lymnaea acuminata Indoplanorbis exustus
Latex powder of E. hirta 2.5,3.5,4.5,5. 1 Batches of hundred snails were exposed to four different concentrations of extracts. 2 Mortality was determined every 24h. 3 Each set of experiment was replicated six times. 4 Concentrations given are the final concentrations (mg/L) in natural ponds. t-ratio was more than 1.96. The heterogeneity factor was less than 1.0. The g-values were less than 0.5. Significant negative regression (p < 0.05) was observed between exposure time and LC 50 of treatments. ts, testing significance of the regression coefficient-of extracts latex powder+rutin -09.7747 1 Batches of hundred snails were exposed to four different concentrations of extracts. 2 Mortality was determined every 24h. 3 Each set of experiment was replicated six times. 4 Concentrations given are the final concentrations (mg/L) in earthen cemented ponds. t-ratio was more than 1.96. The heterogeneity factor was less than 1.0. The g-values were less than 0.5. Significant negative regression (p < 0.05) was observed between exposure time and LC 50 of treatments. ts, testing significance of the regression coefficient-of extracts latex powder+rutin+betulin-0. up to latex powder+rutin> latex powder+ellagic acid > latex powder + taraxerol (Tables 3 and 4 ).
The toxicity of the tertiary combinations (1:1:1) of latex powder of E. hirta mixed with taraxerol, rutin, ellagic acid and betulin against freshwater snails L. acuminata. Toxicity of the tertiary combinations of latex powder+rutin+betulin against freshwater snails L. acuminata (LC 50 = 0.92 mg/L) was highest in Table 3 . The order of toxicity of various tertiary combinations against snail L. acuminata was latex powder+rutin+betulin > latexpowder + ellagicacid + betulin > latex powder + taraxerol + betulin. Same trend was also observed in the freshwater snail Indoplanorbis exustus in tertiary combinations. In control group of the animals no toxicity shows with all the treatments.
At higher doses latex powder of E. hirta and compound rutin, betulin, taraxerol and ellagic acid were effective against the snails, and would also cause death amongst the fish. Consequently mixed populations of 50 snails (Lymnaea acuminata) and 50 fishes (Channa punctatus) were treated with the 24h LC 90 of snails, there was no mortality amongst the fish in earthen cemented pond (Table 4) .
Statistical analysis of the data on the toxicity brings several important points. The χ 2 -test for goodness of fit (heterogeneity) demonstrated that the mortality counts were not found to be significantly heterogeneous and other variables, for example, resistance, did not significantly affect the LC 50 values, as these were within the 95% confidence limits. The dose mortality graphs exhibited steep slope values. The steepness of the slope line indicated a large increase in the mortality of snails with a relatively small increase in the concentration of the toxicant.
DISCUSSION
It is evident from the results that latex powder of Euphorbia hirta Linn and compound rutin, betulin, taraxerol and ellagic acid is toxic against both the freshwater snails Lymnaea (Radix) acuminata (Lamarck 1822) and Indoplanorbis exustus (Deshayes 1834) (Tables 2-3, Fig.  1,2) . Toxicity data from the present study shows that latex powder of Euphorbia hirta and rutin, betulin, taraxerol and ellagic acid have potent molluscicidal activity. The extracts of above caused significant behavioral changes in Lymnaea acuminata and Indoplanorbis exustus with the most obvious sign of distress being muscular and spiral twisting of the body, followed by crawling on one another. The nature and rapid onset of these behavioral responses shows the extracts probably contains neurotoxins, which amongst other things, might be active at the neuromuscular system of the exposed animals. Similar behavior responses have been observed by SINGH & AGARWAL 16 in their laboratory study on acute toxicity of lattices of Euphorbia royleana, Euphorbia antisyphiliatica and Euphorbia tiruculi on snail Lymnaea acuminata.
No behavioral symptoms nor death occurred in control groups not placed in treated water, indicating that no factor other than plant moieties were responsible for the altered behaviour and mortality. The concentration dependant response of the animal could be due to several factors, such as rate of penetration, slope, variability and maximal effect 6 .
In laboratory conditions the LC 50 values of the tested latex powder of E. hirta against Lymnaea acuminata was 1.29 mg/L (24h) to 0.59 mg/L (96h) respectively and 0.97 mg/L (24h) to 0.34 mg/L (96h) against Indoplanorbis exustus 20 . In pond the toxicity of E. hirta latex powder was against L. acuminata is 7.31 mg/L (24h) to 3.93 mg/L (96h) respectively, and 6.08 mg/L (24h) to 2.30 mg/L (96h) was the freshwater snail I. exustus.
The reason for reduced toxicity could be due to soil particle adsorption 5 or acceleration of the toxicant degradation process by temperature. A similar trend was reported by PERSCHBACHER & SARKAR 13 in which the toxicity persistence of Masea ramentacea and tea seed cake was short and fish could be stocked into ponds four days applying the plant pesticides.
Increased mortality with increased exposure periods could be effected by several factors, which may be acting separately or conjointly. For example, uptake of active moiety is time dependent, which leads progressive increase the entrance of the drug and its effects in the snail body 16 . Stability (life span) of active moiety of pesticides in environment and the rate of their detoxification in animal body also alter the mortality and exposure periods, relationship 11 .
Statistical analysis of the data on toxicity brings out several important points. The χ 2 test for goodness of fit (heterogeneity) demonstrated that the mortality counts were not found to be significantly heterogeneous and other variables, e.g., resistance etc. do not significantly affect the LC 50 values, as these were found to lie within the 95% confidence limits. The slope is, thus an index of the susceptibility of the target animal to the plant molluscicides. A steep slope is also indicative of rapid absorption and onset of effects. Even though the slope alone is not a very reliable indicator of toxicological mechanism, yet it is a useful parameter, for such a study. Since the LC 50 of the extracts lay within the 95% confidence limits, it is obvious that in replicate test of random samples, the concentration response lines would fall in the same range 14 .
In conclusion it may be stated that singly, binary (1:1) and tertiary (1:1:1) combinations of latex powder with other plant derived molluscicides can be used in the earthen cemented ponds to control the population of vector snails and can potentiate the efficacy and reduce the doses of plant derived molluscicides.
RESUMO Eficácia do látex da Euphorbia hirta como moluscicida vegetal contra caramujos de água doce
Os efeitos tóxicos das combinações binárias e terciárias do pó de látex da Euphorbia hirta Linn assim como outros compostos vegetais moluscicidas foram avaliados em sua ação sobre caramujos de água doce Lymnaea (Radix) acuminata e Indoplanorbis exustus em represas. Estas combinações mostraram significante efeito dose e tempo dependente contra ambos os caramujos. Estes compostos em doses altas foram também letais para peixes de água doce Channa punctatus (Bloch) (Channidae {Ophicephalidae}), que compartilham o ambiente com estes caramujos mas a dose LC 90 (24h) para caramujos aparentemente não tem propriedade de matar as populações de peixes quando uma população mista de peixes e caramujos são tratadas.
